Determination of tissue folate composition by affinity chromatography followed by high-pressure ion pair liquid chromatography.
A recent report from this laboratory described the use of affinity chromatography for the isolation of pure folates from tissue extracts (J. Selhub, B. Darcy-Vrillon, and D. Fell (1988) Anal. Biochem. 168, 247-251). The present study was undertaken to develop chromatographic procedures for quantitative analysis of the individual folates in the affinity-purified mixture. Methods were devised whereby mixtures containing pteroylglutamates (PteGlu1-7) were batch reduced to the dihydro, H2PteGlu1-7, and tetrahydro, H4Pte-Glu1-7, forms. The 5-methylH4PteGlu1-7 and the 10-formylH4PteGlu1-7 series were prepared from H4Pte-Glu1-7. These compounds were used to calibrate a liquid chromatographic system for the resolution of folate mixtures. This system included reverse-phase ion pair chromatography and a diode array detector. A mixture containing oxidized and reduced PteGlu1-7, a total of 35 derivatives, was separated into seven clusters arranged in an order of increasing number of glutamate residues. Each cluster was represented by two or more peaks which were due to folates that differed in the pteridine ring structure but had the same number of glutamate residues. In clusters containing mono and diglutamyl derivatives the 10-formyltetrahydro-, the tetrahydro-, and the dihydrofolate forms appeared as separate peaks while those representing folic acid and 5-methyl-tetrahydrofolate derivatives eluted in coinciding peaks. This hierarchy was maintained in the following clusters except for increasing tendency of the former three forms of folates to elute in the same peak. The number of glutamate residues of any eluting folate can be determined on the basis of retention time in relation to those of the clusters. The pteridine ring structure of that same folate can be determined on the basis of its elution position within that cluster and spectral characteristics determined by the diode array detection system. If that position is common for more than one derivative then identification is based on differential spectral properties. Using uv absorption signals at 280 nm to determine indiscriminate folate activity, absorption signals at 350 nm are used to identify folic acid and dihydrofolate derivatives and signals at 258 nm are used to identify 10-formyltetrahydrofolate derivatives. These principles were incorporated into mathematic expressions which were used for quantitative resolution of simulated mixtures containing oxidized and reduced PteGlu5 and for the analysis of folate composition in rat liver, human milk, and cows milk.